
UCRL-CONF-203079

Shock-induced alpha-omega structural
phase transformation of titanium: A
molecular-dynamics study

B. Sadigh, T. Lenosky, T. Oppelstrup, R. Minich,
G. Gilmer

March 22, 2004

Minerals Metals and Materials Society
Charlotte, NC, United States
March 14, 2004 through March 18, 2004



Disclaimer 
 

 This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or the University of California. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or the University of California, 
and shall not be used for advertising or product endorsement purposes. 
 



Shock-induced α-ω structural 
phase transformation of titanium: 

A molecular-dynamics study

Babak Sadigh,Thomas Lenosky, 
Tomas Oppelstrup, Roger Minich, 

and George Gilmer

This work was performed under the auspices of U.S. Department of Energy 
by University of California Lawrence Livermore National Laboratory under 
contract No. W-7405-Eng-48. 



Outline

• Introduction – interatomic potentials, 
MEAM

• Ti – phase transformation
• Molecular-dynamics simulations of the 

shock-induced phase transformation of Ti.



MEAM Model Form
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The various terms are represented 
by splines with  many degrees of 
freedom, allowing much greater 

accuracy.

Two and three-body terms
are summed over nearby atoms



Fitting Database

• Energies
for different crystal phases E(V)
Vacancy/Interstitial energies
Surfaces, clusters, other energies

• Forces – force matching method of Ercolessi and 
Adams

snapshots from MD
crystal with random displacements

• Elastic constants and phonons



Titanium Phases
We want a model that describes α-ω
Transitions

Pathways for phase transformation
Kinetics of moving interface, shock 

physics
Atomic structure of moving interface

α is hcp (sphere packing)
but ω is a more complex phase



Ti Phase Transformation Barriers

In this study pathways were systematically
enumerated for Ti.

Each pathway consists of shuffle (atomic displacements within cell)
and strain (changing shape of cell).  Both are linearly interpolated.

D. R. Trinkle et al, Phys Rev Lett 91(2) 
025701-1 (2003)

Landscape barrier: Barrier in 2-D shuffle/strain plot

Actual barriers can then be found by relaxing atoms along path. 

We want MEAM to predict correct barriers, landscape barriers used
as test.





SHOCK (I)
PistonVelocity

1.1 km/s

Elastic Shock Wave 
Speed: 

7.0 km/s

Transformation   
Shock Wave Speed: 

2.2 km/s

Shock Temperature: 

450 K

Shock Pressure:

27 GPa



SHOCK (II)
PistonVelocity

1.5 km/s

Elastic Shock Wave 
Speed: 

7.0 km/s

Transformation   
Shock Wave Speed: 

3.6 km/s

Shock Temperature: 

900 K

Shock Pressure:

43 GPa



SHOCK (III)
PistonVelocity

2.0 km/s

Elastic Shock Wave 
Speed: 

7.0 km/s

Transformation   
Shock Wave Speed: 

4.2 km/s

Shock Temperature: 

1800 K

Shock Pressure:

60 GPa
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Local Pressure

Local Shear
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Local Atomic 
Volumes 

Average Bond 
Length 
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The yz-view of the whole sample

Coordination: 14Omega phase
Coordination: 9



The xz-view of the whole sample

Omega phase
Coordination: 9
Coordination: 14




